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 Abstract —InGaN micro-light emitting diodes on Si 
substrates have been fabricated and characterized. Their 
abilities for micro-display, high modulation bandwidth of 270 
MHz and data transmission rate of up to 400 Mbit/s have been 
demonstrated. 
 
 Index Terms –  GaN, micro-LEDs, Si,  bandwidth. 
 
I.  INTRODUCTION 
GaN-based individually addressable micro-light 
emitting diode (‘µLEDs’) are a novel format of LED that 
offers spatially-controllable micro-scale light output patterns 
with individual emitters of sizes ≤ 100 µm. These devices 
have some advantages over larger conventional LEDs, such 
as high modulation bandwidths [1], reduced device self-
heating [2], and higher optical output power densities [3], 
and have been demonstrated for applications as diverse as 
visible-light communication (VLC) [1], [4], [5], micro-
displays [6], opto-electronic trapping of cells [7] and mask-
free photolithography [8]. 
Growth of InGaN LED material on Si substrates has the 
potential to substantially reduce the cost of device 
fabrication [9], [10], including the cost of µLED fabrication. 
However, until now there have not been any reports of µLED 
devices fabricated on Si substrates. Here we report a 10×10 
array of individually-addressable 45 µm diameter µLEDs, 
fabricated from a 6” Si substrate (termed “Si/µLEDs”). 
These devices are characterized and we show that the 
Si/µLEDs can sustain high current densities (up to 6.6 
kA/cm2) and has a high electrical-to-optical modulation 
bandwidth of up to 270 MHz. These properties make them 
ideal device candidates for the applications listed previously, 
and offer a potentially lower cost route to fabrication of 
µLEDs compared to the previously reported µLEDs devices 
grown on sapphire substrates thus far. 
II.  EXPERIMENT 
The Si/µLEDs were fabricated from InGaN LED wafers 
grown on 6” substrates by metal-organic vapour phase 
epitaxy (MOVPE). The detailed LED/Si epitaxial structure 
and µLED fabrication process used have been reported 
previously [1], [11]. Also, 250 µm×250 µm broad-area 
LEDs on Si have been fabricated for comparison. Fig. 1(a) 
shows a completed 10×10 µLED/Si array with each 
individually-addressable pixel having a diameter of 45 µm 
on a 100 µm pitch and the inset demonstrates the uniform 
light emission from a representative µLED pixel. The peak 
emission wavelength of the µLED/Si array is ~470nm.  
 
 
Fig 1. (a) Micrograph of the individually addressable 10 ×10 µLEDs array 
(inset: light emission through the spreading layer of a representative pixel). 
(b) Light emission of a micro-display pattern. 
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Fig 2. Comparison of power density versus current density characteristics 
of µLED and broad-area LED. 
 
III.  RESULTS AND DISCUSSION 
As shown in Fig 2, compared with 250 µm×250 µm 
broad-area LEDs on Si, our measurements show these 
µLEDs have higher optical output power density and can 
sustain a much higher current density, up to 6.6 kA/cm2, 
before thermal rollover. Additionally, good pixel-to-pixel 
uniformity of these µLED/Si arrays demonstrates their 
potential for micro-display applications. As such, Fig. 1(b) 
shows a light pattern generated by a µLED/Si array through 
individually controlling each µLED pixel. 
We have previously reported that the µLEDs on 
sapphire substrates exhibit higher electrical-to-optical (E-O) 
modulation bandwidths than their broad-area counterparts 
[1]. For VLC, the modulation behaviour of the µLED/Si 
device was characterised. The E-O modulation bandwidth of 
a representative Si/µLED pixel was measured from 0.1 mA 
to 110 mA. As shown in Fig. 3(a), an optical modulation 
bandwidth of 270 MHz has been achieved. The E-O 
bandwidth shows a strong dependence on the injected 
current. At present, we attribute this behavior to a complex 
interplay between the carrier recombination lifetime and the 
RC time constant of the device. We note that it is possible to 
use measurements of this kind to ascertain the recombination 
coefficients in micro-LEDs [12], and we aim to perform such 
an analysis on this device in due course. In Fig. 3(b), open 
eye diagrams at 155 Mbit/s, 200 Mbit/s, and 300 Mbit/s 
could be obtained at 20 mA, however, an open eye diagram 
at 400 Mbit/s is only obtained at higher currents, e.g. 80 mA, 
illustrating the potential for optical data transmission using a 
single Si/µLED. 
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Fig. 3 (a) Bandwidth of one representative µLED versus current. Inset: 
bandwidth versus log(current). (b) The eye diagrams taken at 155 Mbit/s (at 
20mA), 200 Mbit/s (at 20mA), 300 Mbit/s (at 20mA), and 400 Mbit/s (at 
80mA). 
 
IV. CONCLUSION 
In summary, individually addressable µLED arrays 
have been fabricated for the first time on GaN-on-Si 
material. This offers a possible way to fabricate µLED arrays 
at a reduced cost compared to using conventional GaN-on-
Sapphire material. The µLED/Si devices were characterized 
and shown to be able to generate high-contrast micro-scale 
light patterns, with higher optical output power densities than 
their conventional broad-area counterparts. These Si/µLED 
devices also have electrical-to-optical modulation 
bandwidths as high as 270 MHz, demonstrating the potential 
these devices have for low cost micro-display and VLC 
applications. 
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